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TEMPERATURE PROFILES IN TORONTO* 
sy W. E. KNow.es Mippieron and F, GranAmM MILLAR 


1. INTRODUCTION 


HE temperature of the air near the ground is an element which 

may vary considerably from one station to another, even over 
short distances. Therefore it was felt that it would be interesting 
to investigate the distribution of temperature over a city, in particular 
a city of considerable extent such as Toronto, under various meteoro- 
iogical conditions. 

Following H. Tollner,'’ it was decided to construct a resistance 
thermometer and attach it to an automobile. Accordingly a nickel 
resistance thermometer of fairly small lag, and well shielded from 
radiation, was made up and mounted about two feet in front of a 
car, in such a manner that it was carried about 27 inches from the 
ground. A deflection method of reading was used, a meter being 
available which was more than sufficiently sensitive and quite un- 
affected by vibration. The resisiance thermometer, bridge, and meter 
were calibrated as a unit by immersing the nickel coil (without its 
radiation shields) in a bath of gasoline whose temperature could be 
varied within wide limits. 

*Read at a meeting of the American Meteorological Society, Washington, 
D.C., April 29, 1936, and published by permission of the Director of the 
Meteorological Service of Canada. 

H., “Untersuchungen tiber die Temperaturverteilung in der 


Stadt Wien im Sommer 1931”. Sits. Akad. Wiss. Wien., Math. Nat. K1., Abt. 
Ila 141: 1-13, 1932. 
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The scale value was about 1.0°F. per division, making it possible 
to read to about 0.1°F. without difficulty. Radiation, whether from 
the sun or from the automobile engine, was of negligible effect ; this 
was demonstrated by the absence of any systematic change of tem- 
perature when the car stopped, as, for instance, to wait for traffic 
lights. Only in full sunshine and calm air was there a rise of about 
1°F. per minute, immediately nullified when the car was set in 
motion. 

2. Tue TorpoGRaPHy 


The city of Toronto is situated on the north shore of Lake 
Ontario about latitude 43°40’ N., longitude 79°30’ W. The lake is 
245 feet above sea level, and the terrain rises irregularly to the north, 
attaining an elevation of some 560 feet within the area of the city. 
A main thoroughfare, Yonge Street, runs in a general NNW direction 
from the lake front to the northern limit of the city, and continues 
as a paved highway for some miles beyond without appreciable 
change of direction. It was decided to confine the measurements to 
this street, largely because of its straightness and extent, and also 
because it intersects the general contours of the terrain almost at 
right angles. 

The profile of Yonge Street is shown in the upper part of figure 
1, and by a stippled line in figures 2 to 5, on a horizontal scale of 1 
inch = 3 miles. The most noteworthy feature of this profile is the 
deep valley just north of the city limits (miles 6.6 to 8); but atten- 
tion is also directed to the general rise up to mile 5 and the small 
valleys at miles 2.5, 3.9, and 5.8. In fig. 1, we have made an attempt 
to indicate the general height of the buildings which front on the 
street; these heights are on the same vertical scale as the profile, 
indicated on the right-hand margin of the drawing. It will be noted 
that the street is almost entirely built up for the first seven miles, 
with the exception of the small valleys mentioned above. The street 
itself is somewhat wider north of mile 3.8 than south of that point. 


3. RESULTS 


Out of a number of runs, five have been selected for purposes 
of illustration. They refer to (1) a hot, bright, almost calm summer 
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day, (2) the succeeding night, clear and calm and still warm, (3) a 
very warm, cloudy night with a light wind, (4) a clear night in 
autumn, almost calm, and (5) a similar night in winter, with very 
little wind and exceptionally clear air. The temperature graphs in 
figs. 1 to 4 represent means between sets of readings taken driving 
north and south; in fig. 5 the two sets are plotted separately, their 
discrepancies being significant. In this figure the scale of ordinates is 
one-half that of the other figures. 


2 

1 2 J 4 7 mies 


Aug 14,1935, centred on 1255 h 


= | 
Fig. 1. Temperatures in Toronto on a bright 
day in summer, with profile of Yonge St. 


On the summer day (fig. 1) with a light southerly wind, the 
cooling effect of the lake is immediately apparent. After a very sharp 
rise, the temperature increases at a general rate of about 1.3°F. per 
mile until the top of the slope is reached at mile 5.0, decreasing 
slightly thereafter, probably because of the lower density of building 
and the correspondingly greater evaporation from trees and lawns. 
It should be mentioned in this connection that the dew-point, 
measured by means of a sling psychrometer, decreased in a perfectly 
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regular manner from 63.5°F. at the lake front to 58.7°F. at the 
northern limit of the measurements; this is probably to be explained 
as an effect of turbulence, the moister air from over the lake surface 
being mixed with drier air from above during its passage northwards. 


Fig. 2. Calm, clear summer night. 
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Fig. 3. Cloudy summer night with light wind. 


Disregarding the minor fluctuations, which always showed them- 
selves during runs in sunshine, it would appear that on such a 
summer day the workers downtown enjoy lower temperatures than 
their families who remain in the residential parts of the city farther 
from the lake; but this is partly compensated by the higher water 
content. 
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6 mies 8 


2 
Fig. 4. Calm, clear autumn night. 
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Fig. 5. Clear winter night. Note that the tem- 
perature scale is one-half that of figs. 1 to 4. 
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The following night (fig. 2) was a perfect “radiation night” with 
a very light southwest wind. The rise of temperature from the lake 
front into the business section persisted, probably because of the 
radiation from the great masses of masonry which had been warmed 
by the sun all day; but from mile 0.8 to mile 6.8 there occurred a 
steady fall of temperature, broken by relatively tremendous dips 
where the street crosses any little valley. An interesting feature of 
this graph is that in the small valley at mile 5.8 the temperature fell 
nearly as low as in the much larger valley farther north. 

The dew point again decreased towards the north, but only 
slightly ; turbulence would of course be unimportant on such a clear, 
calm night. 

Although figs. 1 and 2 do not refer to the times of maximum and 
minimum temperatures, it may be of interest to note the fall of 
temperature between the day and the night runs at certain selected 
points, as follows: 


TABLE I 
Mile Location T, (3h) T, (2330h) T,-T, 
0.0 Lake front 75.6°F. 21°F. 
0.6 High builditi: = 78.2 74.4 3.8 
2.0 Uptown business section 81.1 72.9 8.2 
2.5 Small valley 82.5 69.3 13.2 
5.0 Top of general slope 85.0 70.8 14.2 
5.8 Small valley 83.5 63.0 20.5 
6.7 South edge of large valley 83.0 67.5 15.5 
aa Bottom of large valley 81.6 61.4 20.2°F. 


We can scarcely avoid the conclusion that there is a real basis for 
individual preferences in the matter of vlace of residence during 
the summer. 

By way of contrast to fig. 2, fig. 3 shows the effect of a cloud 
cover and a light breeze at night. All the large variations are com- 
pletely smoothed out—even the large valley at mile 7 has no effect. 
The extreme range of the temperature curve on this very warm 
night was less than 2°F., compared with 13.4°F. on the previous 
occasion. The minor fluctuations were also much less in evidence. 

Fig. 4, which refers to a clear night in autumn, is very similar 
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to fig. 2, and is presented mainly to show that although the general 
temperature was 29° lower, the form of the curves is almost identical 
except in the shallow valley at mile 2.5. Indeed, if the axis of 
abscissae in fig. 4 be moved 29° upwards, and the two curves super- 
imposed, there is nowhere a difference of more than 1.5°F., except 
in the small valley at mile 2.5. 

The curves of fig. 5, representing a cold winter night with a 
very clear sky and a slight northerly breeze, will not coincide with 
the others when superimposed in this way. The individual curves are 
plotted in this instance, and not the mean; the arrows show the 
direction of the runs, which began at 0006h at mile 8, reached mile 
0 at 0048h, and returned to mile 8 at 0118h E.S.T. The two curves 
are differentiated mainly by the greater drop in temperature at 
mile 5.8 in the first run. This is explained by a very slight increase 
in wind during the observations; there was less than two miles per 
hour at midnight, but about four miles per hour at the end of the 
runs. This slight increase in wind was sufficient to mix the air in the 
small valley, and had probably begun to affect the larger one; it is 
also possible that it started while the southward run was in progress, 
which would explain the smallness of the dips in the valleys at miles 
2.5 and 3.9. 

The almost unbelievable difference in temperature, over 27°F., 
between the bottom of the valley and its crest, on the southward run, 
led us to re-calibrate the thermometer on the following day. This 
showed changes of less than half a degree from the original calibra- 
tion of six months before; we are therefore of the opinion that this 
temperature section is a good representation of the real conditions. 
Phenomena of this sort are the result of air drainage. On clear, calm 
nights, the air near the surface on steep slopes, being cooled by 
radiation and thus becoming denser, begins to flow downhill and 
collects on the lower slopes and in the valley bottom.’ In this way 
a local circulation is set up. While descending the hill on the north- 
ward run, it became necessary to stop the car for a moment. The 
fog produced by the driver's breath showed that the wind was two 


2See R. Geicer, “Das Klima der bodennahen Luftschicht”, Braunschweig 
1927, Friedr. Vieweg & Sohn, especially pp. 91-99. 
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or three miles an hour down the hill, 7.e., in a direction opposite to 
that of the general wind. 

One would expect somewhat greater temperature contrasts in 
winter, at least when the country is covered with snow, as on this 
occasion ; snow is an exceedingly good emitter of temperature radia- 
tion. It is also worthy of note that at the Meteorological Office on 
Bloor Street (half a mile west of Yonge Street at mile 2.0) on the 
night in question, the grass minimum temperature was 12.2°F. 
lower than the minimum in the screen, 4 feet above the ground. This 
shows that the atmosphere was exceptionally transparent to terres- 
trial radiation. 


4. ConcLusion. ACKNOWLEDGEMENTS. 


It is felt that the above figures afford a convincing demonstration 
of the surprising extent to which temperatures may vary over com- 
paratively short distances, and emphasize the need for extreme care 
in the location of meteorological thermometers—especially minimum 
thermometers. 

The writers wish to thank Professor K. B. Jackson of the Univer- 
sity of Toronto for placing at their disposal an excellent micro- 
ammeter, without which the investigation would have been 
impossible; and also to acknowledge the courtesy of the City 
Engineer in furnishing numerous elevations along Yonge Street. 


Meteorological Office, Toronto, 
March, 1936. 
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STELLAR SPECTROSCOPY* 
By W. E. Harper 


Introduction 


T HE invitation that came to me to address this gathering of 
scientists on the subject just announced carried the suggestion 
that these addresses on the opening day might partake of the nature 
of critical surveys of current research in the selected fields. While 
appropriate emphasis might be given to work proceeding at our 
Western institutions, this should be related to problems of dominant 
interest throughout the world so that the status of the subject under 
consideration might be fully summarized. 

I am quite conscious of my own limitations in attempting to do 
justice to a subject upon which so much new work is proceeding, 
that it is almost impossible to have other than a very general knowl- 
edge of what is actually being done. There is this fortunate circum- 
stance though, that since only a small portion of the audience is 
made up of those directly engaged in the work it would hardly be 
advisable to go deeply into details. Accordingly, I shall try to touch 
only upon the high lights of my subject, presenting the same in a 
more or less popular form. 


New Telescopes 

It will be appropriate first of all to refer to improvements in 
equipment or technique that have facilitated spectroscopic research. 
It goes without saying that the more telescopes there are available 
to feed the spectrographs the greater should be the advances 
recorded. The completion within the past year of the 74-inch reflect- 
ing telescope for the David Dunlap Observatory near Toronto and 
its immediate employment in stellar spectroscopy adds greatly to 
the world strength. A twin telescope to the Toronto one is under 
way for the Radcliffe Observatory, to be set up in South Africa, 


*Address given before the Seattle meeting of the A.A.A.S. 
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where it should be fruitfully engaged in radial velocity work. The 
80-inch telescope of the McDonald Observatory in Texas is nearing 
completion, while consideration is being given to enlarging the 
84-inch disk cast for the observatory of the University of Michigan. 
As everyone knows, the 200-inch disk for the California Institute 
of Technology is now safely on this Coast, where the opticians can, 
for the next few years, test their skill in fashioning this monster 
into its desired form. These sketchy references to telescopes com- 
pleted or in process of construction will give us an idea of increasing 
aids to the carrying on of stellar spectroscopic work. 


Aluminum Coatings 


But it is not only the number of telescopes that counts ; anything 
that will give them better light-gathering power will, of course, have 
a favourable reaction on the spectra secured. Possibly nothing in 
recent years has improved existing reflecting telescopes so much as 
the new process of coating their surfaces with chromium aluminum 
which has ten times the life of silver. It is, however, the fact that 
by the use of these new coatings we can reach 300 angstroms farther 
into the violet than with silver, that gives them their greatest value. 

In similar vein we might refer to the use of these chroaluminum 
coatings on pyrex as a base for gratings. Wood finds that 30,000 
lines to the inch can be easily ruled and as the rulings do not cut 
into the chromium, the gratings ought to be reasonably permanent. 


Camera Lenses 

Cameras using spherical mirrors and correcting plates at the 
centre of curvature, similar to the telescope invented by Schmidt, 
are now in use and are found very satisfactory. Then, too, we have 
the construction of a camera lens having the remarkable ratio of 
focal length to aperture of only 0.36. While this will have wider 
application in nebular rather than in stellar spectroscopy it should 
at least be mentioned. Dr. Hale states that its speed is limited only 
by the light of the background sky. 


Emulsions 


Time permits only a passing mention of how new sensitizing dyes 
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have in the past five years opened up the spectrum from 9,000 to 
414,000 and of how new developers are assisting in giving fineness 
of grain to speedy emulsions. 

Such is a brief summary of the astronomer’s improved working 
equipment. 


Radial Velocities 


The determination of stellar radial velocities still remains a 
fundamental work at all the larger observatories. Moore's catalogue, 
issued four years ago, contains 6739 entries of stars, some as faint 
as the tenth magnitude. A catalogue up to date would contain 
several hundred more. In the northern hemisphere the list is prob- 
ably complete to the sixth magnitude but it lags far behind in the 
southern, a defect that will continue for many years even though, 
as stated previously, one large telescope will enter the field in a few 
years’ time. For a statistical balance, there is pressing need of 
radial velocities of more of the southern stars. 


Programs 


Extensive programs of radial velocities, while not so numerous 
possibly as a few years ago, are still undertaken. Mount Wilson is 
engaged upon a list of about 1500 stars, largely of those unobserved 
in Schlesinger’s Catalogue of Bright Stars. Among other programs, 
the Lick Observatory has one of 413 O to B5 stars, comprising all 
of those classes down to magnitude 11.0 as yet unobserved between 
the equator and 23 degrees south declination. Victoria also has a 
program of about 500 of these high-temperature stars north of the 
equator and it is possible that the new David Dunlap Observatory 
may undertake the remaining 500 in the northern hemisphere, so 
that when these programs are completed all the stars of this interest- 
ing class down to the 10th or 11th magnitude and north of —23° will 
have been observed. Victoria also has velocities for over 900 A 
stars, of which about 350 are determined for the first time. 


The Use made of Velocities 

The question may be running through your minds as to what 
use are all these radial velocities. | Generally speaking, extensive 
lists are necessary if sound deductions of stellar motions are to be 


a 

é 


276 W. E. Harper 


made. While the velocity in space of any star is a compound of 
this velocity in the line of sight and its cross motion, yet as the 
latter is not readily obtainable it is possible to deduce many important 
facts regarding the universe from these radial motions alone. 

For example, the velocities of the high temperature stars deter- 
mined at Victoria and elsewhere were used by Plaskett and Pearce 
to show very effectively the rotation of the Galaxy. Without ex- 
plaining the nature of the mathematical analysis, suffice it to say 
that it showed the whole galactic universe to be in rotation about a 
central nucleus in the direction of Sagittarius, distant 33,000 light 
years, the period of rotation being about 220,000,000 years. This 
imposing conception of our universe was made possible through the 
analysis of stellar radial velocities. 


Cosmic Rays 


An interesting sidelight on this work is that this motion of the 
solar system in space has been used in seeking the origin of the 
cosmic rays. For if they come from interstellar space as some 
suggest then the number recorded should be greatest when the 
observer is on the forward side of the earth as it moves through 
space obedient to its galactic rotation. Compton’s cosmic-ray meter, 
installed on M.S. Aorangi, plying between Vancouver, B.C., and 
Sydney, Australia, has as one of its aims the securing of data on 
this very point, and it is a good illustration of how a discovery in 
one branch of science lends itself to possible discoveries in some 
other branch. 


Tendency to Lower Dispersion 


Reverting to velocity work, the general tendency is to use lower 
dispersion in keeping with the decreasing brightness of the stars 
remaining to be observed. When fourth and fifth magnitude stars 
were under examination with large telescopes using one prism dis- 
persion, the exposures required were of the order of ten minutes, 
but when we come to stars five magnitudes fainter, that is those 
1/100 as bright, the exposures run into several hours unless lower 
dispersion is used. Most observatories have spectrographic equip- 
ment giving a large range of dispersion and selection is made which 
will best serve the purpose. 


a 


Stellar Speciroscopy 277 


Program Policy 


In the selection of a program while extensive lists are still in 
vogue the tendency is to make them more restricted in nature. It is 
argued that since we cannot hope to study all the stars we should 
concentrate on certain limited regions, like Kapteyn’s Selected Areas, 
which would serve to give samples of all types down to the faintest 
workable magnitude. The idea is a sound one, particularly so since 
the velocities of all the naked eye stars have been determined and 
increasingly lengthened exposures are required to obtain the spectra 
of the fainter stars. However, through personal intercourse there 
is no duplication of effort in present programs whose results will 
fit into each other in studies of the motions of the stars as a whole. 


Spectroscopic Binaries 


On the average probably one star in three is a binary system. 
The orbital plane may pass through the earth, when we will measure 
the actual velocities in the orbit, or it may be inclined to our line of 
sight at any angle up to 90°, in which latter case the radial velocities 
will never vary. 

Moore’s fourth general catalogue of spectroscopic binaries now 
in press contains about 1420 of these close binary systems and while 
in past years considerable time has been devoted to a determination 
of their periods and other orbital elements the catalogue gives orbits 
for only 375. In many cases by reason of the range in velocity being 
little greater than the probable error of determination one can barely 
hope to determine even the periods. The number of known binary 
systems is increasing rapidly though the German, Polish and Russian 
astronomers who are assiduously observing the light variations are 
finding many faint eclipsing binaries. Such will require much 
observational time with the spectrograph. 


Zeta Aurigae 


The spectroscopic binary that has attracted most attention in 
recent years is one that the writer determined the orbit of some 
twelve years ago. It is the star zeta Aurigae with a period of 973 
days, the components being a small blue star and a large red one. 
The two spectra are markedly different but were always more or less 
blended, save for one plate which suggested eclipse of the blue star 
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by the red. This was later shown to be the correct explanation and 
at the eclipse of August, 1934, many observatories studied the 
spectral changes as the small blue star passed into and emerged 
from eclipse. 

So extensive is the atmosphere of the red giant that nearly ten 
days are required for the blue star to pass from the outer limit of 
the atmosphere to where extinction occurs. The opportunity was 
thus afforded of determining the number of atoms at each level in 
the K atmosphere and the results suggest that a slight modification 
of present theories is desirable. 

Somewhat akin to this is Redman’s study o1 the variations in the 
spectral quality of the light from centre to limb of the bright com- 
ponents of eclipsing binaries while they are being eclipsed by their 
relatively dark companions. 


Re-examine Orbits 


The emphasis seems to have shifted at the moment from new 
orbits to the re-determination of old ones. The reason for such 
re-examination is the hope of discovering changes which can be linked 
up with the physical characteristics of the stellar bodies themselves. 
Moving in relatively small orbits the components will exert tidal 
forces upon each other resulting in ellipticity of the bodies them- 
selves and changes in the orbit. Such changes can be related to the 
density distribution within the component stars. 

The re-examination of a number of such favourable binary sys- 
tems is under way. It must be stated though that the precision of 
the old orbits in many cases is not sufficiently great to establish as 
vaiid the changes found. Investigators of spectroscopic orbits in the 
future—the writer included—ought to bear this in mind. 


Relative Luminositices 


For binary stars which are not eclipsing, we have had no way 
until recently of determining the physical properties of the com- 
ponents. If we even knew the light ratio of the components certain 
other properties would follow. Petrie at Victoria has developed a 
method of measuring this light ratio in binaries where the spectrum 
of each component is observed. It depends upon a comparison of 
the line profiles when the component spectra are exactly superposed 
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with that when they have their maximum separation. On some well- 
known eclipsing systems in which the light ratio is already known 
the method has been tried out. It works well and bids fair to be 
very useful. 


Interstellar Matter 


The stars are separated from each other by vast distances. They 
are no more crowded than twenty tennis balls would be roaming 
about in a shell the size of the earth. For some years it has been 
generally accepted that the space between the stars is filled with very 
tenuous gases of which calcium and sodium are two. These gases 
are at rest relative to the stars and so their corresponding lines are 
stationary in the spectrum. If this criterion of stationary character 
be accepted as sufficient proof then Merrill has shown that there are 
other lines which, apart from their lack of sharpness, seem to fulfil 
all the requirements of being interstellar in character. Their chemical 
origins are unknown but it is felt that they originate outside our 
own atmosphere and one should ever be on the lookout for other 
such lines. 


Lines not Telluric 


In this connection the sky spectra that were made on that 
memorable stratosphere flight by Stevens and Anderson on the 11th 
of November last year will give us information on the constitution 
of our atmosphere at various levels. Such exploratory studies should 
assist in deciding between the telluric or interstellar nature of the 
lines we have been discussing. 


Physical State Interstellar Matter 


There is not complete agreement on the physical states of the 
interstellar gases. Theoretical studies by Eddington suggested that 
the intensities of the calcium lines should be much greater than 
those of sodium. This was not found to be the case. Eddington 
then suggested that galactic rotation was the agency mainly respon- 
sible for the widths (profiles) of interstellar lines but careful photo- 
metric measurements by Beals inclines him to the view that irregular 
motions of the interstellar matter are equally important in forming 
the line profile. Various factors may contribute and in such a way 
as to change at times the usual sharp character of the lines. 
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General Spectrum Studies 


Ninety-five per cent of all the stars fall into one or other of six 
great classes B, A, F, G. K and M, the basis of classification being 
formulated somewhat empirically years ago by Harvard. Though 
the advisability of attempting a new system of classification, based 
upon modern theoretical considerations, has often been discussed 
such is not considered pressing at the moment. 

The spectral region used for this classification, however, was a 
much more limited one than is available today for, as stated earlier, 
new conditions have opened both the ultra-violet and the infra-red 
to study. Investigations have been undertaken to discover criteria 
in these new regions which will supplement and harmonize with 
those already used as the basis in the ordinary photographic region. 

From low dispersion spectra of faint red stars Lee has shown 
that the scale is not linear between types K and M; Babcock has 
explored the infra-red as far as 12,425, Shaw has measured and 
identified all lines in the ultra-violet regions of Vega and Arcturus 
whilst McKellar has shown that in the Class N stars the carbon 
isotope C,, is relatively more abundant than on the earth. 


Special Spectrum Studies—Nova Herculis 


The new star that made its appearance in the constellation 
Herculis in December, 1934, was studied spectroscopically at prac- 
tically every observatory in the world. Most people are aware that 
such stars rise from obscurity, increase their brightness many 
thousand-fold in the course of a few days, remain so for a short 
period and then sink into oblivion again more or less gradually. 

The observations indicate that such stars explode, throwing off 
shells of gas with great velocities and while we can trace the course 
of some of the physical changes occurring, the conditions that pre- 
cede the outburst and that act as a trigger to set it going are still 
largely matters of conjecture. Theoretical studies by Milne and 
others indicate that under certain circumstances a critical state occurs 
such that the gas sphere is no longer able to maintain its structure 
and collapses. The relatively long time of eleven days between dis- 
covery and maximum light during which the nova was widely 
observed with high dispersion will likely yield some results helpful 


in elucidating the conditions existing in the star before the final 
outburst. 
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Related Stars 


The problem may receive some assistance from studies of two 
classes of stars, limited in number, and designated Wolf-Rayet and 
P Cygni stars. The observed facts, according to Beals, Struve and 
others, seem to suggest that in these we have expanding shells of gas 
moving outwards with accelerating velocity. The difference between 
these and “new” stars would then seem to be one of degree. While 
there are those who dissent, the trend of thought is to associate 
novae, Wolf-Rayet and P Cygni stars and possibly long-period 
variables in one related group. All such objects within reach of 
existing equipment ought to be observed. 


Absolute Magnitudes 


The distances of the stars are essential in any study of the 
structure of the stellar universe. The direct trigonometric method 
can be applied only to the nearest stars and while a number are still 
being determined by this method it must ultimately cease to be 
productive of results. 

The introduction twenty years ago at Mount Wilson of the 
spectroscopic method—by which the intensities of certain sensitive 
lines reveals the star’s true brightness and indirectly its distance— 
was a marked advance, the fruits of which are partially shown in 
their list of 4179 parallaxes issued a year or so ago. More rigorous 
quantitative measures of these intensities have been attempted by 
investigators hoping thereby to secure greater precision. This is all 
to the good in the brighter stars where ample dispersion can be used, 
but as we pass to fainter stars necessitating small-scale spectra, new 
criteria will have to be sought or modification of the former line 
criteria effected. The Swedish astronomers are making much of the 
cyanogen band absorption near A4216 as well as others which they 
believe are luminosity indicators. 

On the whole it is felt that stellar spectroscopic work is in a 
healthy state at the present time. Unnecessary duplication is avoided 
and through the International Astronomical Union and its reports 
and conferences among the members no phase of the subject seems 
to be overlooked. 
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No. 82.—THE AGE OF THE UNIVERSE 
(August 20, 1935) 


About ten days ago the daily press carried a news item regarding 
the discovery of the fossil remains of an icthyosaurus on the west 
coast of our Vancouver Island. Dr. M. F. Bancroft, head of the 
Geological Survey party working on the coast, was of the opinion 
that the remains were of a monster which roamed the sea 30,000,000 
years ago. 

I had been planning to deal with the topic of the age of the earth 
and of the wider question of the age of the universe, and this news 
item seemed to furnish an appropriate introduction. At a meeting 
of astronomers and other scientists at the Mount Wilson Observatory 
two months ago a round table conference was held to discuss this 
question from all angles. A summary of the ideas set forth in that 
meeting will give us, I think, the most up-to-date views on the 
matter. 

First, considering the earth alone we find that the sedimentary 
layers in the rocks give us a fairly good clue to its age. The mountains 
are continually being “mawed” down, the silt being carried down 
the streams and rivers and deposited in yearly layers on the bed of 
the ocean. After long ages this is compressed to rock and later is 
elevated in mountain ranges. Could we be sure that the rate of the 
deposition has remained constant throughout geologic time, we could 
place great confidence in such determinations. For certain short 
periods the method is highly accurate but it has to be used in con- 
junction with other methods to give satisfactory figures for the 
whole geological record. 

The second method has to do with the disintegration of radio- 
active substances. Uranium, the heaviest known metal, with an 
atomic weight of 238, through the process of the years gives up part 
of itself in the form of radium emanations and finally ends as 
ordinary lead with atomic weight 207. The rate of such slow change 
has been accurately measured and it is not found to vary through 
extremes of pressure and temperature nor by reason of the lapse of 
time. By measuring, then, the amount of uranium found in a sample 
of rock and comparing it with the amount of associated lead we 
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can derive the time required for the transformation. The age of the 
carth is thus found to be between 1850 and 3500 millions of years. 

The meteorites which come to us from outer space and strike the 
earth have also been examined from this point of view and a recent 
determination shows that their age cannot be greater than 3000 
million years, agreeing with the testimony just given for the radio- 
active rocks of the earth’s surface. 

These figures refer to the time since the earth’s surface or the 
meteorite became solid. In the case of the earth there may have been 
a considerable interval between the time it was torn from the parent 
sun and the time when it had cooled so that a crust was forming over 
it. Of that interval we can make only indirect estimates but at best 
it was relatively very, very short compared to its later history. 

Calculations made upon the changes in the temperature and 
viscosity of the earth from the time when the moon was torn from 
the earth, or at least when it was a close neighbour, seem to indicate 
probable values of the order of 1000 to 10,000 million years, but 
this method seems the least reliable of all. 

Former determinations concerned the earth alone; the tendency 
now is to associate its age with the age of the universe. From the 
disintegration of star clusters and binary stars in our own galaxy, 
arrived at by apparently sound mathematical reasoning, a value of 
the time scale of from 1000 to 10,000 million years is arrived at. A 
longer time scale advanced by Jeans, of 1000 times as great as this, 
found no support among those present at the recent meeting. It must 
be remembered, of course, that our galaxy of stars, numbering 
perhaps 50,000 million, is but one of millions of others and such 
determinations of age as are thus found for it may not be applicable 
to the others. 

Then there is the somewhat unique idea of using the observed 
rate of expansion of the universe as a guide to the time when the 
various galaxies were in compact formation. Observation has shown 
that the distant galaxies (spiral nebulae) are receding from us. The 
more distant they are, the greater is their apparent speed of recession. 
This would be just what would be observed if the whole system of 
galaxies were expanding uniformly. Knowing the distance and the 
rate of expansion of these nebulae a simple calculation will tell us 
how long ago the expansion started. This is assumed to be the be- 
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ginning of things, and the conclusion is reached that the major part 
of the past expansion has occurred during the past 1000 to 10,000 
million years. Here we should beware that several assumptions are 
made which may or may not be valid. The expansion may have been 
preceded by previous contractions and expansions similar to a pulsat- 
ing star, and this may be the future course of events, so we cannot 
say such was the beginning of things. 

We thus see that there is considerable uncertainty when we come 
to discuss the age of the universe, but it is a mark of progress that 
tke question has been raised at all, for five years ago there were no 
data whatever bearing upon the question. 

Concerning the more limited question of the age of the earth, it 
is satisfactory to know that there is fair agreement among the results, 
no matter how arrived at. In earlier days astronomers could not 
accept the great age as deduced by the geologists from the rocks. 
They—the astronomers—could not see how the sun’s heat could have 
been maintained at its present output for such a great time. Now the 
discovery of rich sources of energy latent in radio-active substances 
and new knowledge of the vast energy released through the annihila- 
tion of matter has made it easy for the astronomer to accept the great 
age postulated years ago by the geologists. Roughly we may set it 
down as 1000 million years. 
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A CALL TO AMATEURS 
By Davin W. RosEeBRuGH 


HOSE that love the stars are among the most favoured of 
mortals. Tulips, peonies, lilies and roses are with us but a 
portion of the year. Tourists travel great distances to see Niagara 
Falls, Lake Superior, Mount Robson or the Pacific Ocean; but 
amateur astronomers are more blest, for the finest sight in nature, 
the starry sky, may be seen at all seasons from our own backyards. 
The pleasure derived from the contemplation of a starlit sky 
can be enhanced many fold by making systematic observations of 


the stars. Each observation made increases our liking for the 
heavens and heightens our curiosity as to what we will see next time 
we look. Each observation reported to the proper astronomical 


association or observatory gives a feeling of personal satisfaction 
and achievement for it is a distinct contribution to human knowledge. 

If only the eyes or field glasses are available the amateur can 
systematically search some allotted sky area each clear night for 
novae, the early detection of which will enable the great observatories 
to study these stars from their first rise in brightness. 

With a 3-inch telescope or larger the amateur’s field of enjoy- 
ment and usefulness enlarges for he can determine the changing 
brightnesses of variable stars. The thrill of achievement that comes 
from making an observation on a star 100 or 1000 times fainter 
than one can see by eye and of knowing that one has contributed, 
if only slightly, to the possible solution of the problems presented 
by variables must be experienced to be understood. It is thought 
that these fascinating objects may furnish astronomers the key to 
stellar evolution and the cosmos. 

While observing variables the amateur will naturally jot down 
the details of all telescopic meteors seen. After years of accumulat- 
ing such data conclusions can perhaps be drawn about the distribution 
of non-luminous matter in space. 
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If the motions of the earth and moon interest the amateur he 
can contribute data to the astronomers engaged in these important 
studies by observing and reducing occultations of stars by the moon. 

The members of the American Association of Variable Star Ob- 
servers, with headquarters at Harvard Observatory, Cambridge, 
Massachusetts, are prepared to furnish amateurs with the necessary 
instructions for making and reporting observations on variable stars, 
telescopic meteors, occultations and the presence or absence of novae. 
Observations forwarded to the A.A.V.S.O. each month are made 
available through their reports to all the astronomers in the world. 

The A.A.V.S.O., with some 350 members located in Canada, the 
United States and eighteen other countries of the world, extends a 
cordial invitation to join its ranks to all Canadian amateurs who 
desire to undertake any of its observational programs. Applicants 
for membership should write to D. W. Rosebrugh, 3 Yates Blvd., 
Poughkeepsie, N.Y., Regional Adviser of the A.A.V.S.O. for East- 
ern New York State, who will see that they receive the necessary 
instructions and will be glad to answer any questions of procedure 
that may arise or will refer them to the proper members of the 
A.A.V.S.O. for reply. 


Poughkeepsie, N.Y. 
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THE PRESENT STATE OF OUR KNOWLEDGE OF THE 
SOLAR CORONA 


By A. LALLEMAND* 


HE constitution of the solar corona is still to-day very mys- 

terious, but it must not be forgotten that the total duration of 

the observations has not exceeded a few hours; and further, the 

observations have been effected sometimes under very unfavourable 
circumstances. 

These fugitive observations frequently are very fruitful; some- 
times they are entirely incorrect. Referring to this subject, I 
shall recall to you the statement that the Spanish admiral, Antonio 
de Ulloa (1716-1795), made of the total eclipse of the sun of 1778. 
The corona appeared to him “‘to have a rapid circular motion 
similar to that of fireworks spinning about its centre’, (i.e. a pin- 
wheel). After such a description the theorists can get busy! 

It will be altogether desirable to be able to study the corona 
without a total eclipse of the sun. M. Lyot has partially solved 
this difficult problem. It is remarkable that about 1715 two 
astronomers, La Hire and de I|’Isle, attempted to observe the corona 
without an eclipse, by projecting the image of the sun upon an 
opaque disc, which brought on an artificial eclipse. It is useless to 
say that, knowing much less than M. Lyot as to the part played by 
the light diffused by the atmosphere and the optical apparatus, La 
Hire and de I'Isle could not observe the corona. It is probable 
that when voyages into the stratosphere become common one will 
then be able ‘comfortably’ to observe the corona when there is not 
an eclipse. 

In order to reach the most reasonable conclusions which can be 
formed to-day regarding the solar corona, I shall retain only the 
most certain of all the observations which have been made. 

Really scientific observations of the corona can hardly be said 

* Astronomer in the Strasbourg Observatory. A lecture printed in the Bulletin of the 
Astronomical Society of France, and translated freely.—Editor. 
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to have been made by Cassini and Plantade starting out from 1706. 
At the eclipse of 1842 the ideas only commence to be cleared up. 
It was recognized that the light of the corona was white. Its 
aspect was far from being uniform “‘which gave to it some resem- 
blance to the glories with which painters have surrounded the 
head of saints’’. One can see the corona several seconds before a 
total eclipse and several seconds after. It was recalled later that 
the corona was not centered on the moon; it was not displaced with 
the moon. These observations invalidated then those explanations 
which attributed a lunar origin to the corona. The corona is not 
of terrestrial origin since observers situated at great distances apart 
on the globe find an identical aspect. It is necessary to give to the 
corona a solar origin. 

The year 1869 signalizes a great advance in the technique of 
observation; then were utilized photographs which can be studied 
at one’s ease after the eclipse. Since this epoch we have secured a 
series of photographs of the corona and they show in a striking 
fashion that its form is related to the solar activity at the moment 
of the eclipse. At the epochs of maxima of spots we know that the 
corona is extended and sensibly circular; at the epochs of minima 
of spots it is intense only in the neighbourhood of the plane of the 
equator of the sun and presents itself then under the form of par- 
ticularly thin jets. 

In order to eludicate the problem of the constitution of the 
corona observers of eclipses have made a study of its spectrum, its 
brilliance, and of the polarization of the light which it emits. 

The spectrum of the corona is fundamentally continuous. 
Brilliant rays appear always in the midst of this spectrum and of 
them we recognize fifteen. The most intense is the green line 
(5303 A), then a red line (6374 A). These two lines have been 
photographed by M. Lyot without an eclipse of the sun. One 
meets also an intense line in the ultra-violet (3388 A). The in- 
tensity of these lines is not constant, they vary from one eclipse to 
another. It was believed for a long time that these lines were 
emitted by a mysterious substance, impossible to detect in our 
laboratories, which was called coronium. Since then the theory of 
emission spectra has made great progress and it is no longer necess- 
ary to imagine a new element in order to explain the existence of 
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lines unidentified up to the present. Notwithstanding this, we are 
hardly more settled to-day on the conditions of emission of these 
lines, which appear bound together among themselves as also to the 
general cycle of solar activity. The continuous spectrum furnishes 
almost all the light of the corona. It is crossed by the Fraunhofer 
lines easily visible in the exterior corona. The existence of this 
Fraunhofer spectrum obliges us to admit that this light is of solar 
origin and that it proceeds from the corona by a diffusion mechan- 
ism. Moore! has shown recently that the Fraunhofer lines of the 
corona are slightly displaced towards the red and by the same 
amount on the two sides of the sun. This can be explained by a 
radial motion of diffusing particles which are separating from the 
sun with a velocity of about 20 km./sec. for particles situated 10’ 
from the limb. 

In order to clarify our ideas on the constitution of the corona it 
will be necessary to examine spectrophotometrically the emitted 
light. For a long time it has been accepted that material particles 
surround the sun; if such is the case they are at a very high tempera- 
ture, but less high, however, than that of the photosphere. Under 
this hypothesis the continuous spectrum of the corona would be less 
rich in violet-radiations and more rich in infra-red radiations than 
that of the photosphere. Now in 1923 Ludendorff showed that the 
spectral composition (energy distribution) of the corona was the 
same as that of the sun. In 1925 Coblentz and Stetson found at 2’ 
from the sun’s limb a much greater proportion of infra-red radia- 
tions than in the solar spectrum. During the same eclipse of 1925 
Pettit and Nicholson found a result exactly the opposite. This 
shows once more the difficulties of those measurements made during 
the short period of an eclipse. In 1929 Grotrian obtained results 
confirming those of Ludendorff. At that same eclipse I was able 
to obtain’ infra-red photographs of the corona and to show that the 
emission could not be due to radiation of thermal origin. The 
different radiations of the continuous spectrum have a common 
cause of emission. 

The study of the polarization of the light of the corona also 
gives valuable information; it was obtained again recently by MM. 
Dufay and Grouiller® during the eclipse of 1932. They have shown 
that the proportion of the light polarized is almost independent of 
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the wave-length. We are again obliged to admit, in order to inter- 
pret their measures, that the light forming the continuous spectrum 
is mostly diffused light. 

But what are these particles which diffuse the light? It is not 
a gaseous atmosphere, for the spectral composition of the light 
would not be that observed. The pressure which would exist in the 
lower corona would be far too high; yet we know that the corona 
is a very rarefied medium; a comet can traverse it for 500,000 kilo- 
metres at a velocity of 550 km./sec. without experiencing the least 
retardation, while a meteor is burnt up in our upper atmosphere 
with a velocity of the order of 50 km./sec. 

Nor are they solid or liquid particles; the temperature which 
these particles would take would be too high for them not to be 
volatilized, and moreover we have seen that the spectral compo- 
sition (energy distribution) of the radiation would be quite different 
from that observed. They are particles which diffuse equally all 
radiations. We know that the free electrons possess this property, 
and the theory to-day, as proposed by Schwarzschild in 1906, 
assumes that the corona is formed of a gas of free electrons. This 
theory has been amply developed. The electrons would be 
emitted by the sum; they are the same electrons which escape from 
the hot filament of radio tubes. 

This hypothesis of the electronic emission from the sun permits 
the neatly assembling together of a large number of phenomena 
which would not appear to have a very evident connection. M. 
Dauvillier® has enunciated a theory which shows how they are linked 
together. 

This theory of the corona contains certainly a large part of 
truth. It is open to objections from the point of view of the electro- 
static charge of the sun and of the radial velocity of the diffusing 
particles. These difficulties are due in part to our ignorance of the 
constitution of matter. To this study an important addition has 
been made in the discovery of the positive electron. The improve- 
ment of our ideas on the constitution of matter permits us to foresee 
explanations much more reasonable than those proposed at the 
time of Cassini or of Arago. Notwithstanding this, the observa- 
tions of the corona are far from having given all the information 
which one can expect of it. They are still useful from a double 
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point of view: (1) to make sure that, through observations always 
increasing in precision, the evolution of our ideas shall be made in 
the right direction; (2) to endeavour to discover in such observa- 
tions a new indication which will permit us to orient ourselves and 
to chose from among all the likely hypotheses. 
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SOLAR HALO OBSERVED AT MONTREAL, JULY 6, 1936 
By Francis J. DEKINDER 


A brilliant solar halo as sketched in the accompanying figure was observed 
in Montreal and surrounding district on July 6 in a layer of cirro-stratus clouds. 
The phenomenon lasted from noon till 3 p.m. The main halo A and the 
secondary halo B at the time of observation were both 30° in diameter, while the 
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Solar Halo observed at Montreal, July 6, 1936 


arc of the third halo C had a radius of 30°. These dimensions were arrived at 
independently by Mr. G. Harper Hall and myself. The halo A having the sun 
in its centre was very brilliant and slightly tinted with all the colours of the 
rainbow, whereas the circumzenithal halo B was white and much less brilliant 
than the other one. The arc of the 60° halo C in contrast was vividly coloured 
with the rainbow colours and the band was twice as wide as in the two others. 
In the case of both the coloured halos the red was on the inside, with the orange, 
yellow, green, etc., in successive positions toward the outer rim. 

No sun-dogs or any other phenomena were observed but those here described. 
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METEOR NEWS 


Observations relating to meteors and meteorites are cordially invited. 


NOTE ON THE PERSEID METEORS IN 1936 


While reports have not yet been received from all the Canadian 
stations it appears that excellent observing conditions were experi- 
enced throughout Ontario and Quebec on the night of the Perseid 
Maximum, Aug. 11-12. Thanks to this fact a large number of 
meteors were visually recorded on this night, 600 meteors being 
observed at the Dunlap Observatory, 700 at the Ottawa Observ- 
atory, and 400 by the Scouts of Montreal. Though the shower 
this year seemed lacking in very bright and spectacular meteors 
the photographic programmes at both the Ottawa and the Dunlap 
Observatories met with partial success. A complete report of both 
the visual and photographic work on the Perseids is planned for the 
November JOURNAL and readers who made any observations this 
summer are urged to report them as soon as possible. According 
to newspaper clippings received by the writer a very brilliant meteor 
was seen in Nova Scotia and Prince Edward Island on the evening 
of August 9. Further information about this object is very much 
desired. 


A METEOR RADIANT PHOTOGRAPHICALLY DETERMINED 


The shower of meteors which appeared unexpectedly over 
Europe on October 9, 1933, provided one of the best opportunities 
of modern times for meteor photography. Several observatories 
were able to take advantage of this and a number of plates were 
secured, each of which showed more meteor trails than had ever 
before been secured on a single photograph. Two papers have 
appeared dealing with the determination of the meteor radiant from 
a measurement of these plates and the results, being of considerable 
interest, are summarized here. 

The first paper is by S. Arend and J. Hunaerts and appears in 
“Bulletins de la Classe des Sciences, Academie royale de Belgique”’, 
5th series, vol. 20, p. 538, 1934. Two plates, each given 35 minutes 
exposure and centered about 65 degrees from the radiant, were 
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taken by M. E. Delporte with the Zeiss astrographic telescope of the 
Uccle Observatory. This lens has an aperture of 16 inches and a 
focal length of 80 inches. About ten meteor trails could be dis- 
tinguished on the plates with the unaided eye and three times as 
many with the aid of alens. The trails were assumed to be straight 
lines and two points were measured on each of the eight best trails 
appearing on one of the plates. Two methods were used in com- 
puting the radiant. In the first the standard coordinates of the 
measured points on the meteor trails were utilized. In the second 
the cosine directions of the poles of the meteor trails were computed 
and the radiant found from a solution of the equations for the great 
circles corresponding to each trail. The apparent radiant was 
determined as at: 

a 266°.66 6 +54°.86 (1933) 
and this, when corrected for zenith attraction, gave a final value 
for the radiant at: 

a 262°.29 6 +53°.87 (1933) 
The average deviation of the elongations of the eight measured 
trails from the determined radiant was only 0°.09, a remarkably 
small value when it is remembered that the plate was centered some 
distance from the radiant and that the greatest angle between the 
directions of any two trails was less than five degrees. 

The second paper is by S. Arend and G. Camille Flammarion 
and has appeared recently in “‘l’Astronomie”’, vol. 50, p. 230, 1936. 
In this case a plate taken at the Juvisy Observatory by M. F. 
Quénisset, was studied. The instrument used had an aperture of 
5 inches and a focal length of 24 inches. The plate was exposed 
for 52 minutes and centered on Vega, approximately 18 degrees 
from the radiant. Twenty-five meteor trails could be distinguished 
on this plate. Only eight trails were measured, the very short and 
very faint ones being omitted. The radiant was determined by 
writing the great circle equation of each meteor trail using the 
direction cosines of its pole, and then solving by least squares. 
The resulting apparent radiant was at: 


a 266°.64 5 +54°.90 (1933) 
and this, when corrected for zenith attraction gave: 
a 262°.29 5 +53°.74 (1933) 


The average deviation of the elongations of the eight trails from 
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the determined radiant was again 0°.09, the greatest angle between 
the directions of any two trails being just over 20 degrees. 

The agreement between the results obtained at the two observ- 
atories is really remarkable. On comparing the two corrected 
radiants it is seen that their positions are essentially the same in 
right ascension and differ by only 0°.13 in declination. Such a 
difference could easily arise, even apart from accidental errors of 
measurement, since the time of apparition of each meteor is un- 
certain within the limits of the corresponding exposure. The times 
of mid-exposure at Uccle and Juvisy were respectively 19h 51m and 
20h 29m, G.C.T. 

The above results demonstrate two points very clearly; first, 
that meteor radiants can be determined with great accuracy by 
photographic means; and second, that the Giacobinid meteors were 
travelling along paths in our atmosphere which must have deviated 
very little from true parallelism with each other. Any sensible 
size found for the radiant area from the visual plots should then 
be ascribed purely to errors of observation. 


P. M. M. 
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NOTES FROM THE DOMINION ASTRO- 
PHYSICAL OBSERVATORY 


Victoria, B.C. 


N continuation of the observing statistics from the October, 1935, 
issue of the JOURNAL, we have the following from the records 
of the observatory. 


17-year Average 
| Nights Hours 


Nights | Hours 


1935 
18 154 16 123 
14 116 12 78 
12 71 9 63 
1936 
13 91 10 61 
13 98 14 93 
15 75 | 21 106 
17 81 | 2 92 


It will thus be seen that for the ten months under consideration 

the number of nights on which useful observing was done was 
exactly the same as the average, 159, yet they were somewhat better 
as a total of 1021 hours observing time was secured as against the 
average 942. 
Visitors to the observatory continue to increase in number over 
those of recent years, although as yet not equalling those of the 
peak year 1929. The total number for 1935 was approximately 
21,000 as against 39,000 in the peak year. For the first seven 
months of the present year the total is 13,358 of which 8,080 were 
in July alone. Last July showed 6,922. An increasingly large 
number come from California and the auto licenses from that State 
seem to be as numerous as from all other places combined. 
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Unless a memo is made at the time of the visit of some particular 
astronomer one is apt in the preparation of these notes to overlook 
many names, particularly where the scribe is as dilatory as the 
undersigned seems to be. In recent days we have had with us Dr. 
R. O. Redman, Assistant Director at the Solar Physics Observatory, 
Cambridge, England. Dr. Redman was one of the party of English 
astronomers observing the solar eclipse of June last in Japan. With 
Mrs. Redman he visited in the city for a couple of weeks and 
favoured the staff with an account of the proposed telescope to 
be erected in South Africa by the Radcliffe Observatory. 

Dr. F. J. Neubauer of the Lick Observatory, accompanied by 
his wife and daughter, spent three weeks vacation in and about the 
city and spent considerable time discussing problems with the 
members of the staff. He used the telescope on a few nights to 
secure some observations he particularly desired for comparison 
purposes with Lick. He also favoured the staff with an interesting 
story of his former work at the Lick southern station at Santiago, 
Chile. 

Earlier in the spring Professor A. H. Compton of the University 
of Chicago paid a hurried morning visit to the institution. The 
M.S. Aorangi on which he had installed his cosmic ray apparatus 
was in port long enough for a couple of the astronomers to carry 
him, his wife and little son out to see the place in the early hours of 
the morning. 

Mr. Robert Dellar of Spokane, President of the local group of 
amateur astronomers of that city, spent three nights with us, on 
one of which, a Saturday and visitors’ night, he was put to work to 
show the visitors Jupiter with the small telescope. 

Dr. G. F. Mulders of the Heliophysical Institute of Utrecht, the 
Netherlands, spent an all-too-brief day with us on his way to Mount 
Wilson. Like all other scientists, he was inveigled to give a talk 
before our seminar group and it was our pleasure to hear something 
about one of the stars—our own Sun—concerning which this obser- 
vatory seems to be taking but little interest. 

At the end of July Mr. R. Meldrum Stewart, Director of the 
Dominion Observatory, Ottawa, accompanied by Mrs. Stewart, 
paid Victoria a visit to see how things were getting along. Even he 
could not escape being made to contribute to the enlightenment of 
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those of us who live in what is regarded as an isolated place. Mem- 
bers of the staff were pleased with his presentation of the mathe- 
matical principles underlying the Eétvés torsion balance used with 
such good effect in geophysical prospecting by Mr. Miller of the 
observatory at Ottawa. 

At the present time we have as a volunteer assistant for a month, 
Dr. T. S. Jacobsen, Professor of Astronomy in the University of 
Washington. Dr. Jacobsen was formerly connected with the Lick 
Observatory and is the author of valuable papers on cepheid vari- 
ables, and this line of work he will continue while here securing some 
high dispersion spectra of typical stars. 

The staff members are at present busy preparing papers for 
presentation to the meeting of the American Astronomical Society 
at Cambridge, Mass., in connection with the tercentenary cele- 
brations of Harvard. Eight papers are on the list. A number of 
papers were also sent to the winter meeting of the Society held at 
Princeton and to the May meeting of the Royal Society of Canada 
at Ottawa. 

The meetings of the Astronomical Society of the Pacific held in 
association with the American Association for the Advancement of 
Science which members of our staff attended and participated in are 
covered by a special article by Dr. McKellar* and need not be 
alaborated upon here further than to say that a most useful and 
enjoyable time was spent both at Seattle and at this institution. 


W. E. H. 


*Held over until next issue—Editor. 
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NOTES AND QUERIES 


Communications are invited, especially from amateurs. The Editor 
will try to secure answers to queries. 


IzAAK WALTON Says: 


For Angling may be said to be so like the Mathematics, that it 
can never be fully learned; at least not so fully, but that there will 
still be more new experiments left for the trial of other men that 
succeed us. 


Indeed, my good Scholar, we may say of Angling, as Dr. Boteler 
said of strawberries: ‘‘Doubtless God could have made a better 
berry, but doubtless God never did;” and so, if I might be judge, 
God never did make a more calm, quiet, innocent recreation, than 
Angling. 


But let me tell you, that riches with them [a meek and thankful 
heart] remove many fears and cares; and therefore my advice is, 
that you endeavour to be honestly rich, or contentedly poor: but 
be sure that your riches be justly got, or you spoil all. 


THE GREEN FLASH 


Miss C. Hailstone of Victoria, B.C., writes: On March 3 of this 
year while travelling down the Mexican coast to the Panama, I saw 
the wonderful prismatic phenomenon while I watched the sun go 
down: just as the last particle of the sun’s disc was visible, it turned 
a bright light green, with short and broadening rays of the same 
green shooting up from it, and the entirety flashed out after about 
a second of visibility. About two evenings later I saw it again, but 
not so bright. The weather was clear after days of calm and 
sunshine. 


PREDICTION OF AN EARTHQUAKE 


Mr. Edgar C. Thrupp, a retired civil engineer, who addressed 
the Vancouver Centre on April 14 (see p. 260), claims that he has 
solved many of the outstanding problems in physics, among them 
the occurrence of earthquakes. He predicts that the next severe 
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peak of earthquake stresses will come about November 1 and serious 
disturbances may be expected within ten days before or after that 
date. 


A SUMMER COMMUNITY OBSERVATORY 


The rocky and well-watered district of Muskoka, which begins 
about one hundred miles north of Toronto, has long been a favourite 
resort for visitors; and there, on August 8 last, there was a pleasing 
function at the summer home of Mr. and Mrs. T. H. Mason, of 
Toronto, on Lightwood Island, in the southern portion of Lake 
Muskoka, when a small observatory was formally opened. 


Some thirty years ago the late Weston Wetherbee, of Albion, 
N.Y., presented to the Royal Astronomical Society of Canada an 
83-inch reflecting telescope. This has been loaned to Mr. Mason, 
who during the last three summers has himself constructed the 
building for it. On the date mentioned about seventy-five friends 
gathered from the islands, lakes and country about. Brief remarks 
were made by Mr. W. E. Mason of Regina, Sask., who contributed 
the logs for the building; by Dr. Sigmund Samuel of Toronto, who 
presented the copper for the dome; and by Mr. Owen Staples, also 
of Toronto, who artistically painted the zodiacal constellations upon 
the pillar supporting the telescope; and then the present writer was 
asked to address the company. He first spoke of the co-operation 
exhibited in the erection of this observatory, and also that shown by 
astronomers throughout the world in attacking the problems of the 
universe. Next, he referred to the field for the amateur astron- 


omers. Then, on opening the door of the observatory, he expressed 
the following wishes: 


May this telescope be used in the many coming years to present 
to visitors views of the heavenly bodies. 


May those who are privileged to see these celestial sights have 
their minds quickened, their imaginations kindled, their reverence 
deepened. 


May this institution be a centre from which shall radiate scien- 
tific culture and kindly goodwill throughout the community! 
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UNIVERSITY MEN AS COLONIZERS 


Readers of this JOURNAL will have noted the frequent references 
to the activity of the New Zealand Astronomical Society and 
quotations from its publications, especially The Southern Stars, and 
the contributions of Mr. E. G. Hogg to the Christchurch Press. 
My mind was drawn to this matter by reading a well written and 
beautifully illustrated book entitled A Pilgrim’s Way in New 
Zealand, by Alan Mulgan. It recalled many things seen on a short 
visit to New Zealand in 1922 and described many more well worth 
seeing. The account of the settlement of the country about 
Christchurch in the South Island in 1850 is especially interesting. 
We have heard much about “brain trusts’’ in recent years, but 
more than eighty years ago the University man was exerting his 
influence in the economic life of the world. The following is quoted 
from the book mentioned: 


The air of age and distinction that lies easily upon Christchurch springs 
largely from the characters of her founders. It is much easier to make fun of 
the plans of the Canterbury settlement and some of the results of that enterprise, 
than it would be to repeat such a success. Subsequent generations of New 
Zealanders, so prone to undervalue and even despise academic culture and so 
ready to put faith in the practical man, might consider what sort of preparation 
life had given the Canterbury leaders for life in a new country. John Robert 
Godley, a strong and wise administrator, James Edward Fitzgerald, statesman, 
orator, and journalist, and Charles Bowen, who later introduced the national 
system of compulsory education, were University men, and paradoxically, in this 
very English community, were Irish by birth and family. Godley was Christ 
Church, Oxford; Fitzgerald, Christ’s College, Cambridge; and Bowen, Trinity 
College, Dublin. Fitzgerald gave up an important post at the British Museum 
to test his ideals of colonization at the other side of the world. The idea of the 
Canterbury settlement was born in Christ Church, Oxford, and it is from ‘The 
House’ that the city takes its name. Consider, too, the career of George Samuel 
Sale, another pioneer. He was a classical lecturer at Trinity, Cambridge, before 
he emigrated. He managed a sheep farm and served in the Provincial Treasury 
at Christchurch. He was first warden of the Westland gold-fields, a remote 
region where there had been no settlement at all before miners began to pour into 
its solitudes. There he very efficiently represented every branch of authority 
in a district where food was scarce, communications bad and dangerous, and the 
population was drawn from all nations. He also edited the Christchurch Press 
and for many subsequent years was professor of classics at Otago University. To 
such men these southern communities, and indeed the whole country, owe a 
great deal. They founded a respect for culture that has become a tradition. 


C. A.C. 
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MEETINGS OF THE SOCIETY 


AT MONTREAL 


October 31, 1935——Annual meeting in Macdonald Physics Laboratory at 
8.15 p.m. The reports of the secretary, the treasurer and the librarian as 
approved, and also the list of officers for 1935-36, have already been printed 
in the JouRNAL. 

The president made some remarks regarding intrumental facilities and 
needs of the Centre, and then Mr. F. DeKinder gave an address on “Summer 
Observations”. 

Mr. Alfred Donnelly then spoke on “Telescope Making”. The speaker 
has made 6-inch and 9-inch) mirrors and mounted the latter very effectually. 
He showed his entire outfit for figuring and testing the curvature, demonstrat- 
ing very clearly the procedure. 

A very hearty vote of thanks was proposed by Dr. L. V. King and it was 
moved by the secretary and seconded by Mr. Stanger that a sub-section be 
formed including members interested in this work. The chairman of this 
section to be Mr. DeKinder and the Committee, Mr. Donnelly, Mr. A. L. 
Roberts, Mr. A. Stanger. Dr. Pirrie and about ten others indicated their 
desire to associate themselves with these telescope makers. 


November 28, 1935.—Mr. E. M. Stevens, Miss B. Cross, Dr. David E. 
Rodger, and Mrs. S. W. Jenckes, were elected members of the society. 

The lecturer was Dr. Ralph De Lury, Assistant Director of the Dominion 
Observatory, Ottawa. Subject: “Sun-spots”. 

The following correlations with the observed sun-spot periodicity were 
mentioned and discussed. 

1. Brightness of Encke’s Comet (period, 3 yrs.) is greatest at maximum 

sun-spots. 


2. Polar caps on Mars. 

3. Magnetic declination and horizontal force. 

4. Aurora. 

5. Static, ionization of atmosphere. 

6. Rainfall records in France, 1784 onwards. 

7. Dates of bird migrations. 

8. Commodity prices—Great Britain and Ireland. 
9. Temperature. 


10. Thunderstorms. 
11. Rainfall—maritime and inland effects are opposite. 
12. Wheat production—no. of bushels per acre. 
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At sun-spot maximum there is about twice the intensity of ultra-violet 
light and increase in bright calcium clouds on sun. In a sun-spot region, the 
high calcium atoms are moving into the spot while the low-level neutral 
calcium atoms are moving outwards. 

The Chinese observed sun-spots as early as 122 A.D. Telescopic study 
began with Galileo in 1610. Since 1750 good sun-spot numbers are recorded, 
first by Wolf, then by Wolfer and now by the I.A.U. 


January 23, 1936.—The president occupied the chair. At his suggestion the 
audience stood in silent tribute to the honoured memory of King George V, 
for two minutes. 

New members were elected as follows: Mr. Ernest Mercer, Miss M. 
Le Mesurier, Mr. Wm. Shaw. 

Two very excellent popular addresses were given by members of the 
society: Mr. E. Russell Paterson on “What a Star Really Is”; and Mr. 
Henry F. Hall on “The Constellations”. Both discourses were illustrated and 
were greatly appreciated. 


February 27, 1936.—The president was in the chair. The speaker, Dr. 
W. D. Lighthall, K.C., F.R.S.C., was introduced by Dr. A. V. Douglas. The 
subject was “The Astronomical Knowledge of the Mayas”. 

By means of some remarkable illustrations, the lecturer showed how 
astronomical observations, particularly of the seasonal changes in position of 
the rising sun, determined the orientation of temples and monuments; made 
possible a very accurate adjustment of solar and lunar chronology; established 
the significance of the zodiac. The Mayas had special symbols or glyphs for 
sun, moon, some of the planets, certain star groups and the Milky Way, 
which latter they represented by a cobweb. Their system of numerals with 
special significance given to multiples of 20 and of 18 enabled them to keep a 
record of time with greaf accuracy over centuries. The very close analogies 
in much of their astronomical symbolism, as well as in their general culture 
and habits of life, sacrificial ritual and art, to these things in China, India and 
Persia lead the speaker to trace the first Maya people to eastern Asia, whence 
they migrated by large catamarans across the central Pacific, probably about 
the beginning of the Christian era or slightly earlier. 

A very appreciative audience enjoyed this most unusual lecture and their 
gratitude was expressed by Alderman D. P. Gillmor. 


March 12, 1936.—The president, Mr. Geo. R. Lighthall, in the chair. 

The speaker was Mr. R. A. Hamilton, B.A., of McGill University, post- 
graduate student in English literature. His subject was “Man and His Universe 
in Chaucer’s Time”. 

The speaker dwelt on the appeal of astronomy to the poetic mind, referring 
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to Sappho, Omar Khayyam, Chaucer. The ideas prevalent in the average man’s 
mind, about the time of Chaucer, 1340 to 1400, regarding the earth, planets, 
sun and stars are found in many passages in the Canterbury Tales and other 
poems. One poem, the “Astrolabe”, gives instructions in the use of this instru- 
ment for making astronomical observations, and is in great part a translation 
from Boethus who was indebted to the Persian astronomers. Many quotations 
illustrated the lecturer’s statements. 


April 2, 1936.—This was a joint meeting of the R.A.S.C. and McGill 
Chapter of Society of Sigma Xi. The chair was taken by the president of the 
latter society, Prof. J. J. O'Neill. The lecturer was Dr. Arthur Haas, Professor 
of Theoretical Physics in Vienna, and his subject was “Cosmological Problems 
of Physics”. 

Dr. Haas gave a popular account of certain facts and speculations regarding 
the nature and extent of the universe. The number of stars in our galaxy is 
probably fifteen times the number of people on the earth. Many million galaxies 
exist, from the nearest ones like M31 to the very remote ones at 200 million 
light years. This latter figure is to one astronomical unit in the ratio of one 
astronomical unit to one inch. The Doppler principle was referred to and the 
red shifts of the galaxies up to the recent value given by Humason, 40,000 
km. per sec. or 13% of the velocity of light. Since the observed expansion leads 
to a value of double the distance in 1300 million years, it is obvious that very 
remote galaxies will pass beyond the limits of observation by even their ultra- 
violet radiations being displaced too far to the infra-red for detection. The 
rotation of the galaxies is accomplished in periods of 107 to 10° years, hence 
the age of the universe would appear not greatly to exceed 10° years, since 
irregularities in the galaxies have not been smoothed out as yet. The total 
mass of the universe was discussed and given as 10°* gms. with a density of 
108° gm. per c.c. and the diminution of frequency with time was given as 1 
in 1700 in 10® years. The energy radiated by a galaxy was estimated and 
believed to compensate the diminution of energy of radiation due to red shift. 

The speaker was introduced by Dr. L. V. King and thanked by Mr. Geo. R. 
Lighthall. 


April 3, 1936.—This was a joint meeting of the McGill Physical Society 
and R.A.S.C. The vice-president of the former society, Dr. A. Vibert Douglas, 
took the chair. The speaker was Dr. Arthur Haas and his subject “Some 
Fundamental Ideas of Physics”. 

Dr. Haas outlined the development of physical thought from Greek times 
to the present day—10 main physical principles from atomicity to the wave 
theory of matter and principle of indeterminacy. 

The speaker was thanked by Professor D. A. Keys after a short discussion. 


A. Vipert Douctas, Secretary. 
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The Roval Astronomical Society of Canada 
OFFICERS FOR 1936 


Honorary President—Tue Hon. LEONARD SimPSON, M.D., Minister of Education for the 
Province of Ontario. 

President—R. E. DeELury, M.A., PH.D., Ottawa. 

First Vice-President—Wmn. FINpDLay, Pu.D., Hamilton, Ont. 

Second Vice-President—J. A. PEARCE, M.A., Pu.D., Victoria, B.C. 

General Secretary—E,. J. A. KENNEDY. 

General Treasurer—J. H. HORNING, M.A., Toronto. 

Recorder—E. J. A. KENNEDY, Toronto. 

Librarian—P. M. MILLMAN, PH.D 

Curator—R. S. DuNCAN, Toronto. 

Council—D. S. AINSLIE, M.A., PH.D., F. Napier DENISON, Victoria, B.C.; Miss 


A. VIBERT DouGcLas, Pu. D., Montreal; . A. Hopcson, M.A., Pu.D., Ottawa; Dr. G. R. 
MAGEE, London, Ont.; J. Epw. M pei Bady Toronto; = M. MILLMAN, Px.D., Toronto; 
A. THOMSON, M.A., Toronto; JOHN SaATTERLY, M.A., D.Sc., Toronto; L. A. H. WARREN, 


M.A., Pu. = Winnipeg; and Past Presidents—SIR Fa a Stupart; C. A. CHANT, 
Ph.D A. T. DeLury, M.A.; L. B. D.T.S.: J. D.Sc.. 
3 A. F. Muiutzr.: Jj. R. COLLINS; W. E. W. Jackson, M.A.; R. M. STEWART, 

A. F. Hunter, W. E. M.A.; H.R. KrneGston, M.A., Ph.D., 
R. * Youne, M.A., Ph.D.: L. GILcurRistT, M.A., Ph. D. and the presiding officer of each 


Centre. 
TORONTO CENTRE 
Honorary Chairman—Dnr. C. 


Chairman—A. R. Hassarp, K Vice-Chairman—E. J. A. KENNEDY 
Secretary—S. C. Brown, 22 Kings Lynn Rd., Etobicoke, Ont. 

Recorder—Muiss F. S. PATTERSON Treasurer—J. E. MAYBEE 
D. S. AINSLIE; Dr.L GiILcurisT; F. HARVEY; Dr. F. S. J. H. HorRNING; 
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OTTAWA CENTRE 


. Honorary President—R. GLENN MADILL President—A. H. MILLER 
4 ‘arst Vice-President—J. McCLEISH Second Vice-President—Miss M. S. BURLAND 
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MONTREAL CENTRE 

Honorary President—Mar. C. P. CHOoQUETTE President—GEo. R. LIGHTHALL 

First Vice-President—Dr. JULIAN C. SMITH Second Vice-President—F. De KINDER 

Secretary-Treasurer—Dr. A. V. DouGtas, Physics Building, McGill University 

Council—Dr. A. N. SHAW; Cot. W. E. Lyman; G. HARPER HALL; Dr. L. V. Kinc; Dr. C. C. 
BIRCHARD; O. A. FERRIER; H. F. HALt; E. R. Paterson; J. A. REID 
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ice-President—D. M. HENNIGAR Treasurer—Dnr. H. S. WISMER 
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President—Lieut.-Compr. H. R. TINGLEY Vice-Presidenti—ROBERT PETERS 
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THE ROYAL ASTRONOMICAL SOCIETY OF CANADA 


This Society was incorporated in 1890 under the name of The Astronomical 
and Physical Society of Toronto, and assumed its present name in 1903. 

The Society has active Centres in Montreal, P.Q.; Ottawa, Toronto, Hamilton, 
and London, Ont.; Winnipeg, Man.; Edmonton, Alta.; Vancouver and Victoria, 
B.C. 

The Society publishes a monthly JouRNAL containing each year about 500 
pages and a yearly OBSERVER’S HANDBOOK of about 80 pages. Single copies of 
JOURNAL or HANDBOOK are 25 cents. 

Membership is open to anyone interested in astronomy. Annual dues, $2.00 
life membership, $25.00. Publications are free to members, or may be subscribed 
for separately. Apply to the General Secretary, 198 College St., Toronto, or to 
the local secretary of a Centre. 


Extract from the By-Laws: Candidates who are elected to membership will be 
attached to a particular Centre, or to a section known as Members at Large 
Members of the Society who live outside of Canada, or in a province in which 
there is no Centre of the Society will be considered Members at Large and not 
attached to any particular Centre, unless these members are expressly nominated 
for membership and attachment to a particular Centre. Members may be 
transferred from one Centre to another, or to the section Members at Large by the 
Council of the Society if written application for such transfer is made by such 
member to the Council. 


The Society has for Sale: 

General Index to the TRANSACTIONS of the R.A.S.C., 1890-1905, and the 
JOURNAL, Vols. 1 to 25, 1907-31. 

Compiled by W. E. Harper, Assistant Director, Dominion Astrophysical 
Observatory, Victoria, B.C. 


Pages, 122; Price, $1.00, postage 5c. extra. 


New Materials for the History of Man—The Festival of the Dead, by 
R. G. Haliburton. 


This is a research into the Year of the Pleiades, first published at Halifax 
N.S., in 1863; reprinted by the R.A.S.C. in 1920. 


Pages, 126; Price, $1.00, postage 5c. extra. 


Send Money Order to 198 College St., Toronto. 
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